Background: Hepatocellular carcinoma (HCC) is worldwide one of the most common and lethal malignant tumors despite attempts at treatment using various therapeutic modalities. Combination of transarterial chemoembolization (TACE) and radiofrequency ablation (RFA) can have expanded indication as curative therapy in patients with larger size HCC (2 -5 cm) that is unsuitable for RFA alone, but there are few studies showing long-term survival and larger sample size.
Background
Hepatocellular carcinoma (HCC) is known worldwide as one of the most common and fatal malignant tumors despite attempts at treatment using various therapeutic modalities (1) . The diagnosis of early HCC is increasing in endemic countries because of regular surveillance using multidetector computed tomography (CT) or magnetic resonance imaging (MRI) in high-risk groups (2) . The choice of treatment is determined with many clinical considerations according to liver function, tumor status like size, number and vascular invasion, and patient status, such as performance score. Surgical resection or liver transplantation (LT) is providing opportunities for complete cure of early hepatocellulcar carcinoma, but because of the high recurrence rate after surgery and invasiveness of the modality, it has caused reluctance.
Radiofrequency ablation (RFA) is also safe and effective for the treatment of small HCC less than 2 cm and is preferred as a minimal invasive treatment. However, the role of RFA is limited in patients with a tumor larger than 2 cm because the rate of local progression is significantly increased depending on the size of the HCC (3). Combination of transarterial chemoembolization (TACE) and RFA has been successful to a local cancer control in early hepatocellular carcinoma, particularly for patientspatients with larger size HCC (2 -5 cm) that is unsuitable for RFA alone. In many clinical studies, TACE combined with RFA therapy also demonstrated improved overall survival and local control rates in comparison to TACE alone in patients with larger HCC or meeting Milan criteria (5) (6) (7) (8) (9) . However, because there are few studies showing longterm survival and larger sample size, most guidelines including Barcelona clinic liver cancer (BCLC) stage recommend TACE monotherapy for patients with HCC over 3 cm regarded as intermediate stage despite the advantage of combination treatment for the prognosis of patients.
Objectives
The purpose of the current study was to assess longterm efficacy and safety of TACE combined with RFA and TACE alone in patients with single or two HCCs of 2 to 5 cm.
Patients and Methods

Patient Population
A constructed computerized HCC database was used to identify 3,125 patients who had visited our hospital between January 2007 and December 2011. Informed consent was obtained from each patient before treatment. Diagnosis of HCC was based on α-fetoprotein (AFP) levels, standard clinical and imaging criteria according to the practice guidelines of the European association for the study of the liver (EASL) (10) . The treatment modalities were separately decided by three hepatologists with discussion to an interventional radiologist in patients with HCC 2 -5cm in diameter who would be unsuitable for surgical resection. This was a historical cohort study consisting of 207 consecutive patients who met the following criteria. Of these, 105 patients who underwent combined TACE with RFA and 102 patients who underwent TACE alone were included in the study (Figure 1 ). The inclusion criteria were as follows: i, Number of tumors was single or two; ii, Size of tumors ranged between 2 cm and 5 cm in the largest dimension; iii, Child-Pugh class A or B; iv, Duration of follow up was more than 36 months; v, eastern cooperative oncology group performance status (ECOG) 0 or 1. Exclusion criteria were as follows: i, Other treatment modalities including initial surgical treatment or RFA only; ii, ChildPugh class C; iii, Radiologic evidence of vascular invasion and metastasis; vi, Severe extrahepatic comorbidities. The study was approved by the institutional review board.
Transarterial Chemoembolization (TACE Group)
Interventional radiologist initially performed superior mesenteric and common hepatic arteriographies to assess tumor burden, patient anatomy, and vascularity. After identifying the feeding arteries, chemoembolization of the feeding arteries was carried out through superselective catheterization as near to the hypervascular mass as possible. A mixture of doxorubicin hydrochloride (Adriamycin;Ildong Co. Ltd., Seoul, Korea) and an emulsion of iodized oil (Lipiodol; Laboratoire Guerbet, Aulnay Sous Bois, France) was used in the chemoembolization. The amount of iodized oil was determined according to the size of the HCC (1 cc per 1cm diameter of the tumor) and the maximum capacity of the iodized oil was 10 cc. The infusion of the mixture was carried out up to the stagnation of arterial flow, followed by infusion of Gelfoam powder (Cutanplast; Mascia Brunelli,Milan, Italy).
Radiofrequency Ablation After TACE (Combined TACE With RFA Group)
RFA was performed under ultra-sonographic guidance the next day after TACE. All patients received RFA procedure under sedation and local anesthesia. A monopolar radiofrequency generator (CC-1, Valleylab,Boulder, CO, USA) and a 17 G dual clustered internally cooled electrode with a 3 cm exposed tip (STARmed Co. Ltd.; Goyang, Korea) were used for RFA. If the repeated insertion of electrode was required because of the geometry of the tumor, 17 G dual clustered, 17 G single and/or 15 G single internally cooled electrode with 3 cm exposed tip (STARmed Co. Ltd.; Goyang, Korea) were additionally used. In cases where the tumor was located close to the diaphragm or the colon, artificial ascites using normal saline was routinely implanted in the process of inserting electrodes. Radiofrequency current was emitted through the generator set to provide the maximal power in the impedance control mode automatically. Tumor ablation lasted for 8 to 12 minutes at each electrode placement. RFA was terminated when the complete ablation of the visible tumor was achieved on ultrasound images. The electrode track was ablated to prevent bleeding and tumor seeding at the end of the procedure (Figure 2) .
Within 3 hours of RFA, contrast-enhanced CT was performed. If tumoral enhancements near the ablation zone were found, RFA was performed additionally for the residual tumor.
Follow-Up
Dynamic enhanced CT was performed within 1 month for evaluation of therapeutic response defined by the absence of an enhanced tumor area. All patients received CT every three months for two years and every six months after two years ( Figure 3 ). Blood tests including a serum alpha-fetoprotein (AFP), liver function tests, and physical examination were conducted at each visit. If the lesion showing early enhancement and late washout was found in another area of the liver on CT scan, it was diagnosed as a newly developed HCC. When there was a new tumor located in contact with the original tumor, it was defined as local recurrence of the tumor.
Statistical Analysis
SPSS 18.0 software (SPSS, Chicago, IL) was used for statistical analysis. The groups were compared using the χ 2 test or Fisher's exact test for categorical data, and student's ttest or the Mann-Whitney U -test for continuous data. The Kaplan-Meier method and the log rank test were used for calculation and comparison of overall survival and recurrence free survival. Statistical significance was accepted for P values < 0.05. Table 1 shows the baseline characteristics of the patients. There were no significant differences in terms of age, sex, etiology, previous treatment, mean tumor size, tumor number, and alpha-fetoprotein (AFP) between the two groups. The significant clinical factors affecting decision of two treatment modalities were the underlying liver function and tumor location. The TACE group included more patients with poor liver function (child B, n = 20) than the combination group (child B, n = 7) and more frequent tumor locations in the S1, S3, and S5 segments of liver related to RFA difficulty as approach of RFA tip, vascular abutting, and surface location (Table 1) .
Results
Baseline Characteristics of the Patients
Clinical Outcomes
The complete remission rates were significantly higher in the combination group (97.1%, 102/105) than in the TACE group (54.9%, 56/102) by dynamic enhanced CT within 1 month of evaluation of tumor response (P < 0.001). The mean follow-up periods of the combination group and ± 1.7) during follow-up periods (P < 0.001). The TACE group (90.2%, 92/102) showed significantly higher tumoral recurrence or persistence than the combination group (59.0%, 62/105) during follow-up periods (P < 0.001). The original target tumor progression when detecting first time after treatment was meaningfully higher in the TACE group (70.7%, 65/92) than in the combination group (35.5%, 22/62). Twenty-seven patients (26.5%) in the combination group and 67 patients (65.7%) in the TACE group had deceased at the end of the follow-up (P < 0.001) ( Table 2 ).
Overall Survival and Recurrence Free Survival
The cumulative survival rates at 1, 2, 3, 4, and 5 years were 88.6, 82.9, 79.0, 75.2, and 74.3%, respectively in the combination group and 93.1, 73.5, 59.8, 50.0, and 45.1%, respectively in the TACE group. A significantly better overall survival rate was observed for the combination group compared with the TACE group (P = 0.002) (Figure 4) . The rates of recurrence-free survival at 1, 2, 3, 4, and 5 years were 61.9, 54.3, 47.6, 42.9, and 41.0 %, respectively in the combination group and 28.4, 18.6, 12.7, 10.8, and 9.8 %, respectively in the TACE group. The significantly better recurrence-free survival rate was also observed for the combination group compared with the TACE group (P < 0.001) ( Figure 5 ).
Clinical Factors Associated with Overall Survival
In univariate analysis, therapy group, Child-Pugh class, tumor size, treatment response at 1 month, and new intrahepatic tumors were significantly associated with overall survival. In multivariate analysis, independent factors significantly associated with better overall survival were combination group, Child-Pugh class A, complete remission at 1 month, negative new intrahepatic tumors, and no adverse event (Table 3) .
Complications
The combination group had more frequent occurrence of procedure related adverse events than the TACE group. The procedure related severe adverse events were abscess (1.9%, 2/105), hemoperitoneum (1.9%, 2/105), hepatic failure (1.0%, 1/105), delayed colon perforation (1.0%, 1/105), pneumothorax (1.0%, 1/105), and segmental hepatic infarction (1.0%, 1/105) in the combination group alone. Three patients who had developed abscess, hepatic failure, and colon perforation died within 3 months after combination treatment (2.9%, 3/105). Elevation of aminotransferase and fever in both groups were common adverse events. However, the combination group had a significantly higher elevation of aminotransferase over 5 times (81.9%, 86/105) and high fever (29.5%, 31/105) compared with the TACE group (11.8%. 12/105 and 11.8%, 12/102) ( Table 4) . . Kaplan-Meier curves show significant difference of overall survival rates between patients in two groups with early hepatocellular carcinoma ranging from 2 to 5 cm (P = 0.002).
Discussion
The initial tumor control that could affect overall clinical outcomes is very important in patients with early HCC before progressing to advanced stage. Many guidelines uniformly recommend non-curative TACE monotherapy for early HCC that would be unsuitable for surgery or RFA (11, 12) . Surgical resection has remained discouraging under real clinical practices because of high postoperative reIran J Radiol. 2017; 14(1):e39515. 7 currence rate and invasive modalities. TACE alone has been reported to be less effective than the combination of TACE with RFA in patients with early HCC (9, (13) (14) (15) . However, there is still controversy for the optimal protocol and indication of combination therapy. And long term results are not fully established. The current study was conducted to assess the long term efficacy and safety of combined TACE with RFA and TACE alone in patients with single or two HCCs of 2 to 5 cm in size.
In case of small HCC of 3 cm or less, RFA alone achieves complete necrosis in more than 90%. However, when the size of the tumor is more than 2 cm, the possibility of local recurrence is higher due to the high incidence of microscopic viable tumor after RFA (16, 17) . Combination of TACE with RFA has several advantages and its indication can be expanded to a larger size to provide better local tumor control than RFA alone. The decreased blood flow to an HCC induced by TACE may reduce the heat sink effect of tumor vasculature, resulting in an increased RFA ablation zone (18, 19) . Moreover, the hypoxic injury and effect of chemotherapy induced by TACE increases vulnerability of tumor cells by high temperature during RFA (20) , causing expansion of the ablated zone (4, 21) . Combination of TACE with RFA therapy is more effective, particularly for HCCs 2 -5 cm in size (4, 8, 20) . We previously reported that the effect of combined TACE with RFA is similar to that of surgical treatment in patients with a single HCC of 2 to 5 cm in size (4) .
There has been no standardized protocol for the appropriate time interval between TACE and RFA. The time interval was various from the same day to two months in many studies (4, 16, 20, 22) . Theoretically, when RFA is performed on the same day, the embolization effect of combination of TACE and RFA may be maximized. In this study, RFA was performed routinely 24 hours after TACE. We recommend that a one day interval between TACE and RFA could be helpful in maintaining balance regarding several concerns about risk of complications, additional advantages of hyperthermia on chemotherapy and decreasing the heat sink effect in tumor by embolization effect.
Complete local tumor control by initial therapy in patients with early HCC is very important in preventing progression to advanced stage concerning the balance of effects and complications. TACE alone has been used as a safe and effective treatment for early HCC unsuitable for curative modalities such as RFA alone or surgical resection. However, incomplete local tumor control by TACE alone for early HCCs eventually results in earlier progression to advanced stage and shows poor clinical outcomes in this study (9) . The complete local tumor control rate was significantly higher in combined TACE (97.1%) with RFA than in TACE alone (54.9%), and significant differences in overall survival rates and recurrence-free survival were observed during long term follow-up. In this study, the overall survival rates at 1, 2, 3, 4, and 5 years were 88.6, 82.9, 79.0, 75.2, and 74.3%, respectively in combined TACE with RFA and 93.1, 73.5, 59.8, 50.0, and 45.1%, respectively in TACE alone. The rates of recurrence-free survival at 1, 2, 3, 4, and 5 years were 61.9, 54.3, 47.6, 42.9, and 41.0 %, respectively in the combination group and 28.4, 18.6, 12.7, 10.8, and 9.8 %, respectively in the TACE group. Thus, we believe that combination of TACE and RFA should be considered as the first line treatment for patients with early hepatocellular carcinoma 2 -5 cm in size and 1 -2 in tumor number.
In terms of safety, the combination group (7.6%) had more frequent occurrence of severe complications than the TACE group (0%) because of expanding ablation zone. We experienced a few major complications including hepatic abscess, hemoperitoneum, and hepatic failure in the combination group. Three patients among the combination group died by procedure related complications within 3 months. Because the combination group had frequent elevation of aminotransferase more than 5 times (81.9%) and complications, combination of TACE and RFA therapy should be carefully considered in HCC patients with Child-Pugh B liver function. This study showed more frequent major complications compared with other studies (0.4 -5%) in the combination group because of the short interval between TACE and RFA, larger size and number of tumors, and larger sample size (23) (24) (25) .
This study has several limitations including retrospective study, selection bias, and discrepancy of BCLC guidelines. However, this study was focused on long term results and safety compared with TACE only through the expanding indication (2 -5 cm size) of nonsurgical curative options. A large randomized multicenter study is required to verify the clinical implications and precise protocols of the combined modalities.
In conclusion, combination of TACE and RFA therapy should be considered for achieving complete local tumor control before progression to advanced stage in patients with HCC 2 -5 cm in size. Complete local tumor control by combination of TACE with RFA therapy could improve overall survival compared with TACE alone for long-term follow-up. A large randomized multicenter study is required to verify the clinical implications and precise protocols of the combined modalities.
